Abstract. In the current competitive economy, investors are constantly facing growing uncertainty when evaluating new investment projects. This uncertainty results from insu cient information, oscillating markets, unstable economic conditions, obsolescence of technology, and so on. Hence, uncertainty is inevitable in reality. In such conditions, the deterministic models, while easy to use, do not perfectly represent the real situations and might lead to misleading decisions. When the cash ows for an uncertain investment project over a number of future periods are discounted by the traditional deterministic approaches, investors may nd it hard to have an accurate estimation of the project value. Therefore, this paper utilizes the probability theory tools to derive a closed-form Probability Distribution Function (PDF) and related expressions of the Net Present Worth (NPW), as a useful and frequently used criterion, for the cost-bene t evaluation of projects. The random cash ows follow normal, uniform or exponential distributions in our analysis. The PDF of the NPW is an important tool that helps investors to accurately estimate the probability of projects being economical; hence, it is an important tool for investment decision-making under uncertainty.
Introduction
An appropriate evaluation and selection of investment projects is the most important nancial factor in the success of investors and is vital to being economical in the current competitive environment [1] . Investors aim to not only prevent projects' failures but also select the best alternatives among available investment projects so as to gain more bene ts and reach better results. In the economic evaluation of investment projects, the important parameters such as prices and quantities have been treated so far based on the deterministic and pre-known values. The values of these parameters used in the analysis and the resulting outcomes are single values with perfect certainty. An investor expects to achieve positive results from investment projects. Under deterministic settings, these results can be achieved unambiguously. However, under uncertainty in the real-world conditions, there is usually the lack of reliable information [2] , and most investment parameters are uncertain [3] . The future outcomes have uncertainties, especially for long-term planning horizons, and variability in the value of the future items is inevitable. In the real world, uncertainty is always present and, in some particular cases, due to the lack of scienti c information and technological innovation, it is more di cult to make reliable decisions. For example, the new products supplied to the market might not gain sales at the expected levels; the pro ts expected from international investments might not be gained satisfactorily, or the investment might encounter an unexpected delay and take a long time to achieve e ciency. The source of this uncertainty might be the behaviors of customers, suppliers or employees, or technical problems in processes. Due to complex and fast-changing factors in decision-making, many investment decisions contain remarkable uncertainty and, hence, su er from high risks in outcomes. Therefore, these uncertainties should be taken into account in the economic evaluation of investment projects in order to ensure reliable decisions and long-term achievements.
The cash ow analysis has been utilized to assess the di erences between investment projects and provide a basis for project evaluation. In order to nancially evaluate investment projects, it is required to assess the possible bene ciaries due to their cash ows. To evaluate investment projects, the cash ow analysis is carried out by the classic methods such as Net Present Worth (NPW), Net Future Worth (NFW), Net Equivalent Uniform Annual (NEUA), Internal Rate of Return (ROR/IRR), payback period (PB), etc. Among them, the NPW is one of the most useful ones for determining the economic desirability of the projects. The appropriate criterion for monitoring and evaluating such projects is the NPW [4, 5] . It is considered to be a major tool for analyzing the cash ow of projects during a long period [6] . It is the most common method used by banks and large-sized organizations to compare projects so as to select the most economical one among them. To perform such an analysis, the NPW of an investment project is de ned as the sum of present income cash ow minus present cost cash ow during the project's time horizon. Hence, the NPW criterion can be calculated via:
(R t C t )
(1 + i) t ;
where r t and c t indicate the values of income and cost during the period t respectively, i indicates the discount rate (minimum attractive rate of return), and n indicates the project's planning horizon. If the value of the NPW is equal to or higher than zero, the project will be economical and acceptable; if it is lower than zero, the project will be uneconomical and, hence, unacceptable. To incorporate the NPW in an uncertain environment, di erent approaches have been used in the literature. The most common methods are based on soft computing approaches such as fuzzy sets and simulation [2] . The fuzzy mathematical optimization [7] , the fuzzy data envelopment analysis [8] , and the fuzzy AHP and ANP [9] have attracted the most attention. Moreover, di erent hybrid approaches [9, 10] attempt to combine these methods to reach better results. As another frequently used approach, the simulation is utilized in di erent ways. Some researchers have used the simulation tool incorporated with the transformation of fuzzy numbers to probability distributions [4] , others have utilized Monte-Carlo simulation to achieve sample sizes [11] , and others have applied fuzzy simulation directly [12] . Naimi Sadigh et al. [13] proposed a hybrid approach based on particle swarm optimization and Hop eld neural network for a cardinality constrained portfolio optimization problem. Salmasnia et al. [14] proposed a robust approach to project evaluation with time, cost, and quality considerations. Liu and Wu [15] presented a portfolio evaluation and optimization in electricity markets. Afshar-Nadja et al. [16] proposed a generalized resource investment problem with discounted cash ows and progress payment. R ebiasz and Macio l [17] employed a multi-criteria decision-making method and a fuzzy rule-based approach to evaluate investment projects. Dai et al. [18] discussed a model for renewable energy investment project evaluation based on an improved real option approach. Kilic and Kaya [19] investigated a decision-making methodology for an investment project evaluation based on type-II fuzzy sets. Kirkwood et al. [20] evaluated uncertainty in the integrated maintenance of the UK rail industry by net present value calculations. Tabrizi et al. [21] presented a novel project portfolio selection by using a fuzzy DEMATEL and goal programming. Fathallahi and Naja [22] designed a hybrid genetic algorithm to maximize the net present value of fuzzy project cash ows in the resource-constrained project scheduling problem. In addition, Dutta and Ashtekar [23] considered a system dynamics simulation tool for the project evaluation issue. Etemadi et al. [24] applied a goal programming capital budgeting model under uncertainty in the construction industry. Mohagheghi et al. [25] suggested a new interval type-II fuzzy optimization approach for R&D project evaluation and portfolio selection. Awasthi and Omrani [26] developed a scenario for the simulation approach to sustainable project evaluation based on fuzzy concepts. All of the above soft methods can be applied if essential assumptions such as the existence of large samples and data accuracy are assured. However, another useful approach to handling uncertainty in economic evaluation is estimating some prediction functions like Probability Distribution Function (PDF). It is an analytical approach, in contrast to soft approaches, to evaluating investment projects based on the probability and statistical theory principles. In this way, the PDFs for the estimation and prediction of economic desirability NPW can be derived [27] . This paper aims to derive the PDF of economic desirability NPW for two classes of investment projects: (i) oneperiod cash ows (three cases) and (ii) two-period cash ows (six cases). In the deterministic environment, under certainty, a project is evaluated as \economical" or \uneconomical". However, in stochastic environment, under uncertainty, we can just talk about the \probability of being economical" or \probability of being uneconomical", which can be calculated using the analytical PDF of performance criterion NPW. In deterministic economic evaluation problems, the investor has his/her own Minimum Attractive Rate of Return (MARR), which is used in his/her evaluations. In stochastic problems considered in this paper, the probability of being economical for an uncertain cash ow is calculated. When this parameter is calculated, the investor compares this parameter with his/her minimum probability of being economical. If the minimum probability of being economical is satis ed, the project is selected as economical; otherwise, it is rejected. Hence, this paper helps the investor achieve the analytical function for estimating the economic performance of investment projects. The probability theory tools such as moment-generating function and the transformation method will be used to derive the analytical and closedform functions for PDF of the NPW in investment projects. This analysis will be performed for three classes of investment projects: (i) one-period cash ows, (ii) two-period cash ows, and (iii) multipleperiod cash ows, all with normal, exponential, and uniform distributions of cash ows. The PDFs of NPW will be derived for each case separately, which can help investors accurately estimate the economic desirability of investment projects under uncertain cash ows. Since the cash ows follow continuous numbers, we should consider continuous random distribution functions. For this purpose, normal, exponential, and uniform distributions are considered as well-known and most frequently used continuous distributions for addressing random cash ows. The rest of this paper is organized as follows. Section 2 provides one-period cash ow analysis, while Section 3 discusses two-period cash ow analysis. Section 4 investigates a multiple-period project cash ow under uncertainty. In Sections 2{4, the PDFs are derived for NPW in three distributions, i.e., normal, exponential, and uniform, separately. Moreover, some lemmas are proved to address the special cases of PDFs. Section 5 presents the analysis and simulation results to evaluate the performance of PDFs derived and calculate the probability of being economical for case examples in di erent situations. Finally, Section 6 concludes the paper and suggests some directions for future studies.
One-period cash ow analysis
This section introduces and investigates an investment problem consisting of a one-period project with the initial cost, A 0 , and income at the end of the period A 1 . The value of the income, A 1 , is usually larger than that of the cost A 0 ; however, in the present paper, our analysis allows A 1 to be smaller than A 0 . The economic desirability of the project NPW is a function of both cash ows A 1 and A 0 , which can be calculated as follows:
If the income, A 1 , is random, the economic desirability NPW will be random too, and the mean and the variance of economic desirability NPW can be calculated as follows: 
Therefore, according to the normal distribution, the PDF of the income A 1 can be calculated as follows:
In addition, its Moment-Generating Function (MGF ) can be calculated as follows:
By considering the fact that the economic desirability of the project NPW is a function of variable A 1 , the moment-generating function of NPW can, therefore, be calculated as follows:
According to the knowledge of probability theory, it has been proved for one random variable like Y and two xed numbers like a and b that: 
Therefore, the PDF of the economic desirability of this the project NPW is estimated as follows:
The importance of this function is that it can help the investors estimate the economic desirability of such projects by calculating the probability of being economical. When the MARR of the investor is i, this probability can be calculated as follows:
; (13) where (:) indicates the cumulative distribution function of the standard normal distribution. Obviously, the projects with a higher value of P (NP W 0ji) are more economical and preferable. 
In addition, the PDF of the income A 1 , according to the PDF of the exponential random variable, is obtained as follows:
Further, the moment-generating function of the income A 1 is achieved as follows:
By considering the fact that the economic desirability of the project NPW is a function of random variable A 1 and using Eq. (9), the moment-generating function of the economic desirability NPW can be derived as follows:
Since this function does not adapt to any of the known random variables, it can be understood that the economic desirability of such a project does not have a standard pattern. However, for the purpose of economic evaluation, we are looking for this unknown pattern. Therefore, another probability theory analysis, i.e., the transformation method in the sequel, is used [28] . To adopt this method, the reverse function of economic desirability NP W 1 is calculated as follows:
In addition, the derivative of the reverse function is calculated as NP W 1 0 = (1 + i). Therefore, according to the transformation method, the PDF of the economic desirability of the project can be extracted as follows:
After the mathematical simpli cation, the above PDF, f NP W (), can be re-written in its nal form as follows:
According to the above, if the income A 1 has its least amount as zero, the economic desirability of the project NPW will be in its least amount, which is A 0 . In other words, the range of NPW variations is as follows:
A 0 NP W +1:
(21) Therefore, the condition of such a project being economical, when the investor has a particular MARR, i, can be calculated as follows:
This probability is calculated and re-written as follows: : (29) In addition, the PDF of the economic desirability of this project is estimated as follows:
Consequently, the probability of such projects being economical, when the investor has a particular maximum attractive rate of return i, is calculated as follows:
This probability can be calculated and re-written as follows:
Further analysis of the above equation reveals that it is not valid for two special cases and more investigation is required. For this purpose, two lemmas are presented and discussed in the sequel. A 0 < 0 and, by using the fact 1 < 1 , it yields that 1 1+i A 0 < 0. Therefore, both the upper bound and the lower bound of NPW are negative, and there is no chance for the economic viability of this project. We can represent the result of this lemma in the mathematical form as given below: Proof: If the assumption of this lemma is true, it can be concluded that 1 1+i A 0 0 and, by using the fact that 1 < 1 , it yields that 1 1+i A 0 > 0. Therefore, both the upper bound and the lower bound of the NPW are positive, and the economic viability of this project is certainly economical. It means that:
(34) Therefore, according to both Lemmas 1 and 2, the probability of such projects being economical is rewritten in the general form as follows:
By using the above equation, the economic desirability of such a project can be simply estimated. The aim of this section is to determine the probability of investment projects being economical with one-period cash ow by deriving the analytical equation of the NPW distribution function. For this purpose, three cases were analyzed. These cases are applicable in reality where the cost parameter A 0 is a xed positive number and the income A 1 is a random variable with three distinct cases: (i) normal, (ii) exponential, and (iii) uniform distributions. For all of the cases, the analytical PDF of NPW was derived mathematically, which is a useful tool for investors to evaluate uncertain projects over a one-period cash ow.
Two-period cash ow analysis
This section investigates an investment problem consisting of a two-period project with an initial cost A 0 , an income at the end of the rst period A 1 , and another income at the end of the second period A 2 . In this project, the economic desirability NPW is a function of A 0 , A 1 , and A 2 cash ows, which can be calculated as follows:
By taking into account the assumptions that the incomes A 1 and A 2 are random and independent variables, the economic desirability NPW will be, therefore, random with the following mean and the variance:
where A 1 and 2 A 1 indicate the mean and variance of the rst random income A 1 , respectively, and A2 and 2
A 1 indicate the mean and variance of the second random income A 2 . The aim is to determine the economic desirability of such a project through the determination of analytical equation for the PDF of NPW. To this end, six cases are analyzed in the sequel. In all of these cases, the initial cost A 0 is a xed positive number, and the incomes A 1 or A 2 are random variables with (i) normal, (ii) exponential, and (iii) uniform distributions. , it can be concluded that the economic desirability of the project NPW is also variable; then, the mean and variance of NPW can be calculated as follows:
Fixed cost
Moreover, the moment-generating function of the income A 2 can be calculated as follows:
and the moment-generating function of the NPW is a function of variable income A 2 as given below: (40) Therefore, by utilizing the probability theory principles, MGF NP W (t) can be calculated as follows:
which can be re-written by the mathematical simplications as follows:
: (42) Therefore, by comparing this function with the moment-generating function of the normal distribution, it can be understood that:
(43) Consequently, the probability of such projects being economical with MARR, i, is calculated as follows: 
Moreover, the probability of this project being economical with MARR, i, can be estimated as follows: 
In addition, according to the exponential distribution, the moment-generating function of the income A 2 can be calculated as follows:
By taking into account Eq. (9), the moment-generating function of the economic desirability of the project NPW can be computed as follows:
By using mathematical simpli cations, this function can be expressed as follows:
(
Since the above function is not similar to any known moment-generating functions, it can be found that, in this case, the economic desirability of the project NPW does not follow a standard known distribution. Therefore, to reach the analytical PDF of the NPW in this case, the transformation method in the sequel is used. For this purpose, the reverse function of the NPW and its derivative are derived as follows:
Therefore, according to the transformation method, the nal form of the PDF for the economic desirability NPW can be obtained as follows:
Since the value of the random income A 2 varies at an interval of 0 A 2 < +1, the economic desirability of the project NPW is also variable at the following interval:
Further, the probability of such projects being economical with MARR, i, can be calculated as follows:
By performing mathematical computations, this probability can be simpli ed to the following:
Additional investigations show that the above equation is not valid in one special case, as expressed in Lemma 3. 
then the income A 1 is enough by itself for the economic viability of the project and that the economic viability of the project is independent of the amount of the income A 2 . By increasing the value of the income A 2 , economic desirability will increase; however, by decreasing this desirability, the project does not quit the economic range at all. By using the result of Lemma 3, the probability of such a project being economical would be re-written as follows:
By using the above equation, investors can predict the economic desirability of such two-period projects.
3.4. Fixed cost A 0 , variable income A 1 with exponential distribution, and xed income A 2
In this case, it is assumed that A 0 0, A 1 EXP ( 1 ), A 2 0; thus, we have:
In this case, similar to the previous case, for using the transformation method, the reverse function NP W 1 and its derivative can be derived as follows:
NP W 1 :
Therefore, by adopting the transformation method, the PDF of the economic desirability NPW will be simpli ed in its nal form as follows:
Since the income A 1 varies at an interval of 0 A 1 < +1, the economic desirability NPW varies in the following range:
Moreover, the probability of being economical with MARR, i, can be calculated and simpli ed as follows:
However, additional analysis shows that the above equation is not valid in one special case, as expressed in Lemma 4. . Therefore, we always have NP W 0; hence, the probability of being economical will be one. For further analysis of the result of this lemma, it can be mentioned that if we have A 2 A 0 (1 + i) 2 , the income A 2 is by itself enough for the economic viability of the project, and the economic viability of the project is independent of the value of the income A 1 . In other words, with an increase in the value of A 1 , the desirability will increase; however, with its decrease, the project will not quit the economic range at all.
By using the result of Lemma 4, the probability of such a project being economical is re-written as follows:
The above equation predicts the economic desirability of the project and helps the investor with appropriate decision-making. 
and the PDF of the NPW can be estimated as follows:
Therefore, the probability of such projects being economical with a particular MARR, i, is calculated as follows:
This probability can be computed and summarized as follows:
However, further analysis of the above formula reveals that it is not valid in two special cases. Lemmas 5 and 6 discuss these cases analytically. A 0 > 0. Therefore, both the upper bound and the lower bound of the NPW are positive, and the project is certainly economical. It means that: 
Therefore, the PDF of the NPW can be estimated as follows:
Consequently, when we have an investor with a particular MARR, i, the probability of such a project being economical can be calculated and simpli ed as follows:
However, further analysis of the above formula shows that it is not valid for the two special cases, which are presented in Lemmas 7 and 8. The aim of this section is to determine the probability of investment projects being economical with two-period cash ow by deriving the analytical equation of the NPW distribution function. For this purpose, six cases were analyzed. These cases are applicable in reality where the initial cost A 0 is a xed positive number and A 1 incomes A 2 or are random variables with (i) normal, (ii) exponential, and (iii) uniform distributions. For all of the cases, analytical PDF of NPW was derived mathematically, which is a useful tool for investors to evaluate uncertain projects over a two-period cash ow.
Multiple-period cash ow analysis
This section extends the one-and two-period problems discussed in the previous sections to a general case and, then, studies an investment problem consisting of a multiple-period project with an initial cost A 0 and incomes at the end of the kth period A k (k = 1; 2; :::; n). The cash ow of such a project is shown in Figure 1 .
In this project, the economic desirability NPW is a function of A 0 ; A 1 ; A 2 ; :::; A n cash ows, which can be calculated as follows:
By taking into account the assumptions that incomes A 1 ; A 2 ; :::; A n are random and independent variables, the economic desirability NPW is, therefore, random with the following mean and the variance:
where A k and 2 A k denote the mean and variance of the kth random income A k , respectively. The aim is to determine the economic desirability of such a project by deriving the analytical equation for the PDF of NPW. To this end, three cases are analyzed in the sequel. In these cases, the initial cost A 0 is a xed positive number, and the incomes A k are random variables with (i) normal, (ii) exponential, and (iii) uniform distributions.
Variable income with normal distribution
In this case, by considering the assumptions A 0 0, A k 0; and for a special period l, A l Normal( l ; 2 l ), it can be concluded that the economic desirability of the project NPW is also variable. By utilizing an approach similar to that in the previous sections, it can be concluded that:
Consequently, the probability of such projects being economical with MARR, i, is calculated as follows: 
Box IV
Variable income with exponential distribution
In this case, by considering the assumptions A 0 0; A k 0; and for a special period l, A l EXP ( l ), it can be concluded that the economic desirability of the project NPW is also variable. Therefore, we have:
In this case, similar to the previous exponential cases, by using the transformation method, the reverse function NP W 1 and its derivative can be derived as follows: 
Therefore, by applying the transformation method, the PDF of the economic desirability NPW will be simpli ed into its nal form as follows:
Since the income A l varies at an interval of 0 A l < +1, the economic desirability NPW varies in the following range:
Moreover, the probability of such a project being economic with MARR, i, can be calculated and simpli ed as follows:
However, the additional analysis shows that the above equation is not valid in one special case, which is expressed in Lemma 9. Proof: If the assumption of this lemma is true, it can be concluded that the lower bound of the economic desirability NPW is always nonnegative:
Thus, we always have NP W 0 and the probability of this subject being economical will be one. According to further analysis of the result of this lemma, if:
then the incomes A 1 ; A 2 ; : : : ; A l 1 ; A l+1 ; : : : ; A n may be enough for the economic viability of the project, and the economic viability of the project is independent of the value of the income A l . In other words, with any increase in the value of A l , the desirability will increase; however, with its decrease, the project will not quit the economic range at all.
By using the result of Lemma 9, the probability of such a project being economical is re-written by Eq. (90) as shown in Box V. Eq. (90) predicts the economic desirability of the project and helps the investor with appropriate decision-making.
Variable income with uniform distribution
In this case, by considering the assumptions A 0 0; A k 0; and for a special period l, A l Uniform ( l ; l ), it can be concluded that the economic desirability of the project NPW is also variable. Therefore, we have:
Furthermore, the moment-generating function of the income A 2 can be achieved as follows:
Therefore, the moment-generating function of the economic desirability can be calculated and summarized by Eq. (93) as shown in Box VI. By comparing MGF NP W (t) with the moment-generating function of the uniform distribution and by utilizing the fact that the moment-generating function is unique for every random variable, it can be found that:
Consequently, when there is an investor with a particular MARR, i, the probability of such a project being economical can be calculated and simpli ed as follows:
However, further analysis of the above formula shows that it is not valid for two special cases, which are presented in the following Lemmas 10 and 11. 
then this project is certainly economical.
Proof: If the assumption of this lemma is true, it can be understood that:
Utilizing this result and the fact that 1 < 1 reveals that:
Therefore, both upper and lower bounds of the NPW are positive, and the project is certainly economical. It means that:
Therefore, according to the results obtained from Lemmas 10 and 11, the probability of such a project being economical can be re-written by Eq. (99) as shown in Box VII. Eq. (99) can help the investor to simply estimate the economic desirability of projects in this case.
The aim of this section is to determine the probability of investment projects being economical with two-period cash ow by deriving the analytical equation of the NPW distribution function. For this purpose, three cases were analyzed. These cases are applicable in reality, where the initial cost A 0 is a xed positive number and income at the lth period A l is random variables with (i) normal, (ii) exponential, and (iii) uniform distributions. For all of the cases, the analytical PDF of NPW was derived mathematically, which is a useful tool for investors in evaluating uncertain projects over multiple-period cash ows.
Analyses and simulation results
This section investigates the validity of the proposed analytical equations derived in previous sections by comparing them to the results of the simulation approach. For this purpose, numerical examples in each following section are discussed separately:
One-period cash ows:
Fixed 
Numerical examples for one-period cash ows
Fixed cost A 0 and variable income A 1 with normal distribution: Assume that in a project with a oneperiod cash ow, the initial cost is A 0 = 125, the As is obvious, the pattern of simulation results in Figure 2 completely coincides with the analytical equation depicted in Figure 3 . It con rms the appropriateness of the analytical equation derived in Section 3.1 in two terms: (i) the type of probability distribution and (ii) the mean and variance values.
Furthermore, the probability of such a project being economical by considering the assumption of having MARR, i = 0:1, can be achieved as follows: Moreover, the probability of such a project being economical by taking into account the assumption of having MARR, i = 0:2, can be computed as follows: Moreover, the probability of such a project being economical is determined as follows: (1 + i) 2 ; therefore, the project is certainly economical, and the probability of it being economical is 1. and, according to Lemma 8, the project is certainly economical and the probability of being economical will be 1. Thus, according to the analytical results derived in Section 5.2, the expression shown in Box IX is concluded. Similar to the previous cases, the simulation results con rm the existence of this equation completely. Further, the probability of this project being economical is attained by the expression shown in Box X.
Numerical examples for two-period cash ows
Since the condition n P k=1j(k6 =l)
A k (1+i) k < A 0 (317:63 < 400) is true for this example, we can conclude that the probability of this project being economical is 0.6315. Variable income with uniform distribution: Consider the previous example, in which the cash ow in the third period is A 3 Uniform ( 3 = 500; 3 = 600) P (NP W 0ji = 0:25)=EXP As can be seen, both upper and lower bounds of the NPW are greater than zero and, then, P (NP W 0ji = 0:25) is 1, meaning that this project is certainly economical.
Conclusions
This paper utilized the probability theory tools such as the moment-generating function and transformation method to derive the analytical and closed-form function for Probability Distribution Function (PDF) of the Net Present Worth (NPW) in investment projects. The random cash ows follow normal, uniform, and exponential distributions in our analysis. This analysis was performed for three classes of investment projects: (i) one-period cash ows including three di erent cases ( xed cost A 0 and variable income A 1 with normal, exponential, and uniform distributions), (ii) two-period cash ows including six di erent cases ( xed cost A 0 , xed income A 1 , and variable income A 2 with normal, exponential, and uniform distributions; xed cost A 0 , variable income A 1 with normal, exponential, and uniform distributions, and xed income A 2 ), and (iii) multiple-period cash ows with normal, exponential, and uniform distributions of incomes. The PDFs of the NPW were derived for each case separately. To validate the analytical PDFs derived, numerical examples were presented, and a set of comprehensive simulation analysis was conducted. The comparisons were performed between simulation results and analytical functions. The simulated results demonstrated that both analytical and simulated results of derived PDFs were completely in agreement with each other, which con rmed the validity of our analytical equations. The importance of such PDF functions is that the investor can simply calculate the probability of investment projects being economical and make more reliable decisions. In the case of deterministic economic evaluation problems, the investor has his/her own Minimum Attractive Rate of Return (MARR), which is used in project evaluations. In our stochastic problems, the probability of the project being economic for an uncertain cash ow was calculated. After calculating this parameter, the investor can compare this parameter with his/her minimum probability of the project being economical. If the minimum probability of the project being economical is satis ed, the project is selected as economical; otherwise, it is rejected. In other words, this paper presented a decision-making tool for the evaluation of investment projects with uncertain cash ows. An interesting direction for future study is to consider other performance criteria like Net Future Worth (NFW), Net Equivalent Uniform Annual (NEUA), or even payback period, with other probability distributions like Weibull or Gamma. 
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